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[57] ABSTRACT 

Apparatus for providing an optimized sampling phase to a 
received signal in a given channel, the received signal 
including inter-symbol interference. The apparatus includes 
a voltage controlled clock (VCC) for providing a VCC 
sampling phase, a first signal detector, connected to the 
VCC, for sampling the signal according to an advanced 
sampling phase which is advanced by a predetermined value 
5 with respect to the VCC sampling phase, thereby produc- 
ing a first sampled signal, a second signal detector, con- 
nected to the VCC, for sampling the signal according to a 
delayed sampling phase which is delayed by a predeter- 
mined value 8 with respect to the VCC sampling phase, 
thereby producing a second sampled signal, a first channel 
metric estimating unit, connected to the first signal detector, 
for obtaining a first estimated metric value from the first 
sampled signal, a second channel metric estimating unit, 
connected to the second signal detector, for obtaining a 
second estimated metric value from the second sampled 
signal and a subtracting unit, connected to the first channel 
estimating unit and to the second channel estimating unit, for 
subtracting the second first estimated metric value from the 
second estimated metric value, thereby obtaining a phase 
correction signal according to which, the VCC sampling 
phase is to be corrected. 

10 Claims, 5 Drawing Sheets 
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METHOD AND APPARATUS FOR 
ACQUIRING AND TRACKING THE 
SAMPLING PHASE OF A SIGNAL 

FIELD OF THE INVENTION , 

The present invention relates to a method and apparatus 
for managing a received and modulated signal in general and 
to a method and apparatus for managing a time synchroni- 
zation mechanism in particular. 

BACKGROUND OF THE INVENTION 10 

Reference is now made to FIGS. 1A and 2. FIG. 1A is a 
prior art graphic illustration of the amplitude measurement 
versus time T, of a signal, generally referenced 1. 

FIG. 2 is a schematic illustration of a prior art apparatus, is 
generally referenced 20, for acquiring the accurate synchro- 
nization for a received signal. 

Apparatus 20 includes a voltage controlled clock (VCC) 
22, an early detector 26, for detecting the beginning section 
of a received signal, a late detector 24, for detecting the end 20 
section of a received signal, a metric processor 40, con- 
nected to the output of the early detector 26, a metric 
processor 42, connected to the output of the late detector 24, 
a subtracting unit 30, connected to the metric processors 40 
and 42, a filtering unit 32, connected to the subtracting unit 25 
30 and to the VCC 22 and a signal detection unit 28, 
connected to the VCC 22. 

The early detector 26 is connected to VCC 22 via a time 
phase advance unit 44, which advances the clock signal 
provided by VCC 22, by a predetermined time period 67. 30 
The late detector 24 is connected to VCC 22 via a time phase 
delay unit 46 which delays the clock signal provided by 
VCC 22 by predetermined time period 6, 

The apparatus 20 further includes an equalizing unit 34 35 
connected to the signal detection unit 28. The equalizing unit 
34 is required for processing channel signals which include 
inter-symbol interference, such as multipath fading chan- 
nels. 

In the present example, the early detector 26 of the present 4Q 
example includes a matched filter 54 and a sampler 36 
connected therebetween, the late detector 24 includes a 
matched filter 56 and a sampler 38 connected therebetween 
and the signal detection unit 28 includes a matched filter 50 
and a sampler 52 connected there between. 45 

The object of apparatus 20 is to perform detection of a 
received signal. 

Referring back to FIG. 1A, the accurate synchronization 
for the signal 1 is represented by the phase time period 2. 
The accurate location of phase time period 2 is unknown and 50 
therefore, has to be detected and determined. In the prior art, 
this is done by providing signal detectors which detect the 
signal in at least two time periods: 

i. an early detector, such as eariy detector 26, which 
detects the received signal over a first time period 4 ss 
viewing the beginning section of the signal 1; and 

ii. a late detector, such as late detector 24, which detects 
the received signal over a second time period 6, view- 
ing the ending section of the signal 1. 

Each of the detectors 24 and 26 produces an output with 60 
a magnitude that is proportional to the portion of the signal 
1 detected thereby. Detectors 24 and 26 provide their output 
to the metric processors 42 and 40, respectively. Metric 
processors 40 and 42 compute either an absolute value of 
this output or its square value. 65 

When one detector detects a larger portion of the signal 
than the other detector, the output provided by the corre- 



2 

sponding metric processor, connected thereto, will be higher 
respectively. Accordingly, the sampling phase should be 
shifted towards the detector which detects the least amount 
of signal, so as to achieve equilibrium therebetween. 

In the present example, when late detector 24 detects a 
portion of the received signal which is larger then the one 
detected by the early detector 26, this indicates that the 
phase time period 2 is shifted to the right with respect to the 
original signal 1. Accordingly, the original signal 1 has to be 
shifted to the left. 

If, on the other hand, the late detector 24 detects a smaller 
portion of the signal 1 than the one detected by the early 
detector 26, then the phase time period 2 is shifted to the left 
with respect to the original signal 1. Accordingly, the origi- 
nal signal 1 has to be shifted to the right. 

In apparatus 20, early detector 26 performs a convolution 
of the input signal with the matched filter 54 over the 
beginning section of the received signal while late detector 
24 performs the convolution with the matched filter 56 over 
the end section of the received signal. The results of these 
two convolutions are fed to the metric processors 40 and 42 
respectively, which in turn, provide their output to subtract- 
ing unit 30. The subtracting unit 30 subtracts the output 
provided by metric processor 40 from the output provided 
by metric processor 42. 

The result of the subtraction determines if the VCC 22 
should operate under a new sampling phase thereby deter- 
mining a new location of the phase time period 2 with 
respect to the original signal. 

The subtracting unit 30 provides the result of the subtrac- 
tion to the filtering unit 32 which modifies, accordingly, a 
suitable signal and provides it to the VCC 22, as feed-back. 
The VCC 22 adjusts the phase respectively. This operation 
is called a delay lock loop (DLL). 

Thus, the signal detection unit 28 should be provided with 
a well-synchronized signal for decoding. This DLL appara- 
tus is a simplified and efficient realization of the optimal 
maximum likelihood (ML) time synchronizer. Another 
implementation for an ML time synchronizer, known in the 
art, is to sample the received signal at a plurality of syn- 
chronization phases and to determine the optimal phase 
therefrom. 

Such implementations perform very well on channels 
with no, or very little inter-symbol interference (ISI). For 
channels with high ISI, such as multipath fading channels, 
the performance of the prior art apparatus described here- 
inabove degrade considerably since ISI causes the symbol 
pulse shape to be smeared over a longer period of time. As 
a result, the output of the early and late detectors is now 
effected by a large number of symbols. In a multipath fading 
channel, the shape of the symbol pulse received at the 
receiver changes arbitrarily in time, according to the gains of 
the fading paths, so the optimal sampling phase is no longer 
well defined. 

In channels with high ISI, detectors such as signal detect- 
ing unit 28 have a very high symbol error rate. This requires 
the use of an equalizer, such as equalizer 34, in order to 
lower the apparatus overall symbol error rate. 

In many types channels, such as multipath fading 
channels, use of a non linear equalizer, such as a maximum 
likelihood sequence estimation (MLSE) equalizer or a deci- 
sion feedback equalizer (DFE), results in improved perfor- 
mances. It should be noted that the MLSE equalizer is the 
optimum equalizer in terms of sequence error rate. 

When using an equalizer, especially a non-linear one, the 
sampling phase that will result in the best equalizer perfor- 
mance is a complex function of the input signal. The simple 
metrics utilized by metric processors 40 and 42 are far from 
being optimal. 
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According to some prior art methods, the detection pro- 
cess is performed using additional detecting units for acqui- 
sition of other areas of the received signal, such as time 
periods 8 and 10 (FIG. 1A). 

In a multi-path channel, a received signal includes a 5 
plurality of echoes which often overlap. It will be appreci- 
ated that it is considerably difficult to detect a conventional 
signal in a multi-path situation. 

Reference is now made to FIG . IB which includes three 
graphic illustrations, generally referenced 61 A, 61B and 30 
61 C, of the amplitude measurement versus time T of a 
signal, generally referenced 63. 

Signal 63 includes transmitted symbols 60, 62 and 64 
traveling through a channel 66. Channel 66 represents the 
various paths, often caused by reflections from various 15 
objects, through which each transmitted symbol may travel 
These reflections determine the channel impulse response 68 
of channel 66. Thus, channel 66 influences each of the 
symbols 60, 62 and 64, according to channel impulse 
response 68, so as to produce received symbols 70, 72 and 20 
74 respectively. Each received symbol is the result of a 
convolution between the respective transmitted symbol and 
the channel impulse response. 

The received signal 76 is a summation of received sym- 
bols 70, 72 and 74. Hie received signal 76 is received by a 25 
receiver and is provided to apparatus 20 for processing. It 
will be noted that the received symbol 76 may also include 
noise. 

Channel taps correspond to the effect of neighboring 
received symbols on the current received sample. For 30 
example, the value of a sample sampled at the output of 
the receive filter, is given by 

h. 

Si = £ M,- n 35 

wherein the ai are the transmitted symbols (-oo<i<oo); and 
h„ are the gains of the channel taps (-L a ^n^LJ. L 1( and 
define the length of channel memory which, in turn, defines 40 
the number of neighboring symbols which affect each 
sample. 

U.S. Pat. No. 5,533,066 describes a method which 
attempts to provide an accurate estimation of a maximum 
likelihood sequence using detection of the signal at a plu- 45 
rality M of points using a metric which relates to the bits of 
data provided by the signal detection unit 28. 

SUMMARY OF THE PRESENT INVENTION 

50 

It is an object of the present invention to provide a novel 
method and apparatus for acquiring and tracking the sam- 
pling phase of a signal with inter-symbol interference. 

In accordance with the present invention, there is thus 
provided apparatus for providing an optimized sampling 55 
phase to a received signal in a given channel, the received 
signal including inter-symbol interference. The apparatus 
includes a voltage controlled clock (VCC) for providing a 
VCC sampling phase, a first signal detector, connected to the 
VCC, for sampling the signal * according to an advanced 60 
sampling phase which is advanced by a predetermined value 
6 with respect to the VCC sampling phase, thereby produc- 
ing a first sampled signal, a second signal detector, con- 
nected to the VCC, for sampling the signal according to a 
delayed sampling phase which is delayed by a predeter- 65 
mined value 6 with respect to the VCC sampling phase, 
thereby producing a second sampled signal, a first channel 



4 

metric estimating unit, connected to the first signal detector, 
for obtaining a first estimated metric value from the first 
sampled signal, a second channel metric estimating unit, 
connected to the second signal detector, for obtaining a 
second estimated metric value from the second sampled 
signal and a subtracting unit, connected to the first channel 
estimating unit and to the second channel estimating unit, for 
subtracting the second first estimated metric value from the 
second estimated metric value, thereby obtaining a phase 
correction signal according to which, the VCC sampling 
phase is to be corrected. 

The first and second estimated metric values are selected 
from the group consisting of: a symbol-error-rate, a bit- 
error-rate, a cut-off-rate, a channel capacity and the like. 

The apparatus may further include a filtering unit, con- 
nected between the subtracting unit and the VCC for filtering 
the phase correction signal and providing it to the VCC. 

The apparatus according to the invention may further 
include a signal detecting unit connected to the VCC, for 
detecting the received signal, thereby obtaining a plurality of 
samples. 

The apparatus may also farther include an equalizing unit 
connected to the signal detecting unit, for detecting symbols 
contained in the samples thereby producing detected symbol 
decisions and a decoder, connected to the equalizing unit, for 
decoding the received coded signal according to the detected 
symbol decisions. 

Each the detected symbols may include quality. 

According to one aspect of the invention the estimated 
metric value defines a metric selected from the group 
consisting of: 




-log^l (M - l>f J; and 

According to another aspect on the invention, there is thus 
provided a method for operating a system for acquiring and 
tracking the sampling phase of a received signal, the 
received signal being sampled according to a signal sam- 
pling phase, the received signal including a plurality of 
symbols, the system including an equalizer operating on the 
received sampled signal and a error correction decoder for 
decoding the processed signal, there is claimed a method for 
acquiring and tracking an optimized sampling phase, the 
method includes the steps of: 

a. detecting the received signal in at least two sampling 
phases, thereby obtaining a sampled signal for each the 
sampling phases; 

b. for each the sampled signal, estimating a estimated 
metric error rate value at the equalizer output; 

c. adjusting the signal sampling phase according to the 
estimated metric error rate values; and 
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d. adjusting the sampling phases according to the esti- Apparatus 100 fiirtherJnc^des^a-signaUd^ 

mated metric error rate values. 108, a'channel~estimatingunifl24, an equalizing unit llSj 

Each sampled signal may include at least one sample. and a decoding-unirl42. 
Each the sample may be a representation of an estimated [ n the present example, the early detector 106 of the 
symbol. The estimated metric rate value defines a metric s present example includes a matched filter 134 and a sampler 
selected from the group consisting of: 136 connected to matched filter 134, the late detector 130 

includes a matched filter 138 and a sampler 140 connected 
{ l 6 ¥ 3 ) 10 matched filter 138 and the signal detection unit 108 

'^ndn^lJ — I ' jj~ 6 ri* : includes a matched filter 144 and a sampler 146 connected 

V J 10 to matched filter 144. 

The VCC 102 is connected to sampler 136 via a time 
phase advance unit 132 which advances the clock signal 
provided by VCC 102 by a predetermined time period 5. The 

L e -|- VCC 102 is also connected to sampler 140 via a time phase 

VF 15 delay unit 130 which delays the clock signal provided by 

t VCC 102 by a predetermined time period 6. Furthermore, 

" * 2 ; the VCC 102 is connected to sampler 146. 

- GtVfj-rw ); Early channel estimating unit 112 is connected to sampler 

, 136 and to metric processing unit 120. Late channel esti- 

- JogJ l + (m — i)e' N a J; and 20 mating unit 110 is connected to sampler 140 and to metric 

processing unit 122. Subtracting unit 114 is connected to 
_ e ~ j£ # metric processing units 120 and 122 and to filtering unit 116 

which is further connected to VCC 102. 
M The received signal is detected by matched filters 134, 

BRIEF DESCRIPTION OF THE DRAWINGS 138 ^ d 144 ^ Wch fiLter ! l "*»"fr»g . known symbok and 

provide it to their respective samplers 136, 140 and 146. The 

The present invention will be understood and appreciated VCC 102 provides a sampling phase to phase advance unit 

more fully from the following detailed description taken in 132, phase delay unit 130 and to sampler 146. Phase advance 

conjunction with the drawings in which: 3Q unit 132 advances the sampling phase by 6 and provides it 

FIG. 1A is a prior art graphic illustration of the amplitude to sampler 136. Phase delay unit 130 delays the sampling 

measurement versus time T, of a signal; phase by 8 and provides it to sampler 140. Each of the 

FIG. IB includes three graphic illustrations, of the ampli- ""P 1 ? 136 > 140 a , nd 146 filtere 0 d ^ 

tude measurement versus time T of a signal; *?°^ g 'n^ s ^ 1 ^. phase 7 I* 

„„ „ . , . r • . « 136 and 140 provide their sampled signal to channel_esti« 

FIG. 2 is a schemata illustration of a prior art apparatus 35 ^ itsM2 ^ m -respectivelyr-SSmpleTl^Iro^ 

fwdetecting the accurate synchronization for a received ^gf^^g signal to channel estimation 124. 

. BaclTofThe channel estimating units 110 and 112 per- 

FIG. 3 is a schematic illustration of an apparatus for forms thc followiag operations: 

detecting the accurate synchronization for a received signal, . . . . c , i \ * r n 

, . . ./ j- 4 uj- 40 determining an estimation or the (complex) gain oi all 

constructed and operative according to a preferred embodi- v r 7 b 

ment of the present invention; and , . . . . „ , . 

m „ M . , . .„ . . , , - determimng an estimation of the noise power spectral 

FIG. 4 is a schematic illustrating of a method for man- ^ of ^ channel (if nece for metric 

aging a DLL apparatus, so as to provide an optimized DLL, calculations^ 

operative according to another preferred embodiment of the 45 j(S^^^^~S^^^^^^^^^^lli 
present mvention. provides its estimation results to t he metric processin g units> 

DETAILED DESCRIPTION OF PREFERRED A 20 andl22connected thereto^ 

EMB ODIMENTS *~^E^l™f-the~metric~processing units 120 and 122_calcu£^ 

lates.a.metric u^afrclates to the output of equalizerJl$~TKe~~""\ 
The method of the present invention overcomes the 50 eq ualiz^US^erformanrels^u^ 
disadvantages of the prior art by adjusting the sampling enoTTatronTsl^^^ 

phase according to a metric which corresponds to the output of the ^aliz^l lgjsje d to a decoder 142.using soft or-hard— > 
quality of the equalizing unit of the apparatus. (J^Sb^Ahardllec^ion determines a symbol while a soft 

Reference is now made to FIG. 3 which is a schematic decision determines the symbol as well as the quality of the 
illustration of an apparatus, generally referenced 100, con- 55 detection. 

structed and operative according to a preferred embodiment In these cases, the cut-oflf rate of the channel may serve as 
of the present invention. a quality criterion for the equalizer 118 output. All of the 

Apparatus 100 includes a VCC 102, an early detector 106, above mentioned performance estimations are based on the 
detecting the beginning section of a received signal, a late gains of the channel taps and the noise which, for this 
detector 104, detecting the end section of a received signal, 60 purpose, is estimated by thc channel estimating units 110 
a late channel estimating unit 110, an early channel estimat- and 112. 



ing unit 112, a metric processor 122 connected to the late Generally, one can estimate the performance of the equal- 
channel estimating unit 110, a metric processor 120 con- izer-118 for each possible sampling pomt,juLa.plurahty-of-N-^ 
nected to the early channel estimating unit 112, a subtracting sampUrig-pomtsrby-estmiatinglhTchannel, calculating the 
unit 114, connected to both metric processors 120 and 122, 65 metric at each point and then, determining the optimal 
and a filtering unit 116, connected to the subtracting unit 114 sampling phase therefrom. Alternatively, the early-late 
and to the VCC 102. mechanism can be utilized with two separate metric calcu- 
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lations only. It will be noted that sampling according to a 
plurality of sampling phases is most suitable for acquiring an 
estimation of the initial value of the optimal sampling phase. 

Specific performance estimations for given gains of chan- 
nel taps and noise of a predetermined equalizer type can be 
found in the literature (e.g. the book Digital Communica- 
tions by John G. Proakis, 3 rd edition, Chap. 10, which book 
is incorporated herein by reference). The general form of a 
symbol error rate approximation for an MLSE equalizer is 
given by: 



M*-l N 0 



'' ~ C (^ - 1 ' N a ] 



where and N 0 are estimated by the channel estimating 
units. This can be further simplified to be 



10 



i 



where 



where 



20 



6 E t 



This metric can be further simplified (at high E^/NJ to be 



is the total energy of the received symbol, Q is defined as 



metric = -e 2 



» r. 



M is the transmitted symbol alphabet size, and b min 
are functions of the gains of the taps and the type of 
modulation utilized. approximates the number of 

times the most probable error event will happen while 
EJNJ> 2 min is the signal to noise ratio corresponding to this 
event. A metric for pulse amplitude modulation (PAM) and 
rectangular quadrature amplitude modulation (QAM) is 
given by 



25 For DFE, an approximation of the symbol error rate is 
given by (Digital Communications by John G. Proakis, 3 rd 
edition, Chap. 10) 



6 £, 

M 2 - I N 0 



where and 6 mi „ are calculated by the metric proces- 
sors. 

In a simplified example, for two equal gains of taps and 
transmitted symbols of alphabet cardinality (size) M, we 
have ^ min =\ and K &mj>l =2M(M-l). The symbol error rate 
? M of such a two tap MLSE equalizer is approximated by 



1 f* * 

Q {x)= I e -2dx 



The metric in this case simplifies to 



35 



function of the channel taps, N 0 and the equalizer param- 
eters. E/f m is an approximation of the output SNR of the 
DFE equalizer. 

It will be noted that the method of the present invention 
may have early-late implementations, as described 
hereinabove, wherein one is subtracted from the other. 
40 Alternatively, other implementations can include processing 
a plurality of samples, each according to a different phase. 
In all of these implementations, the multiplication constants, 



case the metric is defined as: 



45 



metric = -Q(-\ r E~yZ) 



50 



where N 0 is the noise power spectral density and Q is 
defined as 



55 



When error control coding is used, the cut-off rate may 
serve as a quality criterion. The cut-off rate of a channel is 
a bound on the maximal data rate that the channel is able to 
support. For example, for phase shift keying (PSK) with 
alphabet size M (MPSK) modulation the cut-off rate can be 
approximated as 



A very useful approximation which is suitable for most 
types of equalizers and for any gains of taps is based on a 
matched filter boundary and is given by 



65 



metrics /Uogfe(M) - Iqg^l + (W - 



Omitting constants as well as constant additions such as 
log 2 (M), the above metric results in 

metric = -log^l + (Af - 
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which can further be approximated (for high EJN 0 ), again 
omitting constants, as 

metric = -e K o 



This expression is very similar to the simplified metric for 
the u needed case. 

According to a preferred aspect of the invention, each of 
the metric processing units 120 and 122 performs the io 
following operations: 

determining the total symbol energy E.S-; and 

calculating a metric which corresponds to the quality of 
the output of the equalizing unit. 

Reference is now made to FIG. 4 which is a schematic 15 
illustration of a method for managing apparatus 100 so as to 
provide an optimized DLL, operative according to another 
preferred embodiment of the present invention. 

In step 200, the apparatus 100 receives a signal in a given 
channel, modulates it according to a predetermined sam- 2Q 
pling phase and proceeds, simultaneously, to steps 202 and 
212. 

In step 202, the apparatus 100 detects the received signal 
according to a first sampling phase, which is advanced 
relative to the above predetermined sampling phase by a 
predetermined value 8. Apparatus 100 then proceeds to step 25 
204. 

In step 204, the apparatus 100 determines an estimation of 
the complex gains of the channel taps, sampled according to 
the first sampling phase. Then, the apparatus proceeds to 
step 206. 30 

In step 206, the apparatus 100 determines an estimation of 
the noise power spectral density of the channel that corre- 
sponds to the first sampling phase and proceeds to step 208. 

In step 208, the apparatus 100 determines the energy E s 
of the received symbols of the channel that corresponds to 35 
the first sampling phase and proceeds to step 210. 

In step 210, the apparatus 100 calculates an estimation 
first symbol-error-rate (SER) expression, thereby deter- 
mining a SER value which corresponds to the first 
predetermined sampling phase. The apparatus then 40 
proceeds to step 222. 

Returning to step 212, the apparatus 100 detects the 
received signal according to a second sampling phase, which 
is delayed relative to the above predetermined sampling 
phase by a predetermined value 8. The apparatus then 45 
proceeds to step 214. 

In step 214, the apparatus 100 determines an estimation of 
the complex gains of the channel taps, sampled according to 
the second sampling phase. Then, the apparatus proceeds to 
step 216. 50 

In step 216, the apparatus 100 determines an estimation of 
the noise power spectral density of the channel that corre- 
sponds to the second samnline phase and proceeds to step 
218. 

In step 218, the apparatus 100 determines the energy E s 55 
of the received symbols of the channel that corresponds to 
the second sampling phase and then proceeds to step 220. 

In step 220, the apparatus 100 calculates an estimation 
second SER expression, thereby determining an SER value 
which corresponds to the second predetermined sampling 60 
phase and proceeds to step 222. 

In step 222, the apparatus 100 subtracts the SER value of 
the second sample of the signal (output of step 220) from the 
SER value of the first sample of the signal (output of step 
210) and proceeds to step 224. 65 

In step 224, the apparatus 100 filters the result of the 
subtraction of step 222 and proceeds to step 226. 



In step 226, the apparatus 100 adjusts the sampling phase 
according to the filtered result of step 222 and repeats steps 
200-226. 

It is noted that while the above example relates to a dual 
sampling point architecture, the method according to the 
invention can be implemented in a multiple sampling point 
architecture, by repeating steps 202-210 for each sampling 
point and choosing the lowest symbol-error-rate provided 
therefrom. 

It will be appreciated that while conventional methods 
relate to the "raw" processed signal (i.e. prior to the 
equalizer), the present invention utilizes an approach which 
corresponds to the final "client" of the detection procedure, 
i.e. the equalizing unit, the decoding unit and the like. For 
example, a bit-error-rate, a symbol-error-rate, a cut-off-rate, 
a channel capacity, a combination of the above and the like, 
may be utilized in the process of determining the accurate 
sampling phase. 

It will be appreciated by persons skilled in the art that the 
present invention is not limited to what has been particularly 
shown and described hereinabove. Rather the scope of the 
present invention is defined only by the claims which follow. 

This invention claimed is: 

1. Apparatus for providing an optimized sampling phase 
to a received signal in a given channel, the apparatus 
comprising: 

a. a sampling phase controller for providing a sampling 
phase; 

b. a first signal detector, connected to said sampling phase 
controller, for sampling said signal according to an 
advanced sampling phase which is advanced by a 
predetermined value 6 with respect to said sampling 
phase, thereby producing a first sampled signal; 

c. a second signal detector, connected to said sampling 
phase controller, for sampling said signal according to 
a delayed sampling phase which is delayed by said 
predetermined value 6 with respect to said sampling 
phase, thereby producing a second sampled signal; 

d. a third signal detector connected to said sampling phase 
controller for sampling said signal according to said 
sampling phase, thereby producing a third sampled 
signal; 

e. an information detector conneted to said third signal 
detector for detecting information Present within said 
third sampled signal; 

f. a first channel metric estimating unit, connected to said 
first signal detector, for obtaining a first estimated 
metric value which estimates the quality of output 
which said information detector would provide if said 
third signal detector operates with said advanced sam- 
pling phase; 

g. a second channel metric estimating unit, connected to 
said second signal detector, for obtaining a second 
estimated metric value which estimates the quality of 
output which said information detector would provide 
if said third signal detector operates with said delayed 
sampling phase; and 

h. a subtracting unit, connected to said first channel metric 
estimating unit and to said second channel metric 
estimating unit, for subtracting said first estimated 
metric value from said second estimated metric value, 
thereby obtaining a phase correction signal according 
to which said sampling phase is to be corrected. 

2. Apparatus according to claim 1 wherein said first and 
second estimated metric values are selected from the group 
consisting of. 
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a. a symbol-error-rate; b. for each said sampled signal, estimating an estimated 

b. a bit-error-rate; metric value which estimates the quality of output from 

c. a cut-off-rate; said information detector; 

d. a channel capacity; and 

e. a sequence-error-rate. S c * adjusting said signal sampling phase according to said 

3. Apparatus according to claim 1 further comprising a estimated metric values; and 
filtering unit, connected between said subtracting unit and . ,. t . . 

said sampling phase controller for filtering said phase cor- d - "•j'fW siud at least . two «™P h, « P hases ^cording 

rection signal and providing it to said sampling phase t° sa id estimated metric values, 

controller. 10 7. A method according to claim 6 wherein each said 

4. Apparatus according to claim 1 wherein said first and M . j • . „ rtm „„«.« „ f „ i 

, j * . 6 , jr. - . i . j * sampled signal comprises at least one sample, 

second estimated metric values define a metric selected from r *t> r r 

the group consisting of: 8. A method according to claim 7 wherein each said 

sample is a representation of an estimated symbol. 



I / " £». 2 ). 1C 9. A method according to claim 8 wherein said estimated 



M 2 - 1 N 0 ]' metric value defines a metric selected from the group 

consisting of: 



I 

d. -e"J; 



l 



-lo fe (l 



+ (Af 



-l)e~&);and vT 



30 



5. Apparatus according to claim 1, wherein said informa- 
tion detector is selected from the group consisting of: an f -log,(l + (M - l)«"fel;and 
equalizer, a decoder and an equalizer followed by a decoder. I J 

6. In a system for acquiring and tracking the sampling E 
phase of a received signal, the received signal being sampled 35 & 
according to a signal sampling phase, the received signal 

including a plurality of symbols, the system including an 

information detector operating on the received sampled , n . , . , , . . , . c 

signal, a method for acquiring and tracking an optimized 10 * mcthod ^ccordmg to claim 6, wherein said infor- 

sampling phase, the method comprising the steps of: 4Q mation detector is selected from the group consisting of: an 

a. sampling said received signal in at least two sampling equalizer, a decoder and an equalizer followed by a decoder, 
phases, thereby obtaining a sampled signal for each of 

said at least two sampling phases; ***** 
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ABSTRACT 



Apparatus for providing an optimized sampling phase to a 
received signal in a given channel the received signal 
including inter-symbol interference. The apparatus includes 
a voltage controlled clock (VCC) for providing a VCC 
sampling phase, a first signal detector, connected to the 
VCC, for sampling the signal according to an advanced 
sampling phase which is advanced by a predetermined value 
b with respect to the VCC sampling phase, thereby produc- 
ing a first sampled signal, a second signal detector, con- 
nected to the VCC, for sampling the signal according to a 
delayed sampling phase which is delayed by a predeter- 
mined value 5 with respect to the VCC sampling phase, 
thereby producing a second sampled signal, a first channel 
metric estimating unit, connected to (he first signal detector, 
for obtaining a first estimated metric value from the first 
sampled signal, a second channel metric estimating unit, 
connected to the second signal detector, for obtaining a 
second estimated metric value from the second sampled 
signal and a subtracting unit, connected to the first channel 
estimating unit and to the second channel estimating unit, for 
subtracting the second first estimated metric value from the 
second estimated metric value, thereby obtaining a phase 
correction signal according to which, the VCC sampling 
phase is to be corrected. 

10 Claims, 5 Drawing Sheets 
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